pursue an education, and he entered Nantwich and Acton Grammar School after a successful 11+ exam. He considered himself very lucky to have had excellent teachers.
As a teenager, team sport in the form of cricket and football was a big part of his life and Alan was an excellent sportsman. He played football for Crewe Schoolboys, which was somewhat unusual for a grammar school boy. Two of his team played for England Schoolboys and one, Frank Blunstone, went on to a successful career with Chelsea and a number of outings with the full England international side.
Alan's ambitions in this area were squashed by his mother's statement, ' We are not sending you to Grammar School to become a footballer'. Football's loss was physics' gain.
Liverpool
Alan achieved a first class BSc Honours degree in Physics in 1956 at the University of Liverpool. He continued to a PhD at Liverpool under the supervision of Professor Alex Merrison (FRS 1969) and Hugh Muirhead. After graduating in 1959, he won a Leverhulme Research Fellowship to participate in the experimental physics programme based at the Liverpool 380 MeV synchrocyclotron. This had been the highest energy accelerator in the world outside the United States until the CERN synchrocyclotron was built in 1957. The Liverpool machine gave researchers access to external beams of protons, muons and pions, and this enabled a number of experiments that established classic techniques still in use today.
Alan's early work as a graduate student and Leverhulme Fellow concerned the weak interactions of the muon. The prevailing hypothesis was that there is a universal weak interaction. One implication of this was that the rate at which muons were captured by a nucleus would be related to the rate of muon decay. Alan measured capture rates for negative muons in various elements (1)*. These were state-of-the-art measurements and analyses, and always used the latest technology and computational facilities; for example, as for many particle physics groups, the new electronic computers at Manchester were central to the analysis of the experimental data.
At the same time, the Lorentz structure of the weak interaction was being determined. In particular, a vector minus axial vector interaction would exhibit parity violation. An asymmetry was observed (2) in the angular distribution of neutrons following nuclear capture of polarized muons on protons that supported parity violation, albeit with large errors. The experiment was a very early use of stopped pions to produce polarized muons and the observation of a time modulated signal as the muon spin precessed in an applied magnetic field. This technique is the basis today of muon spin resonance used to study condensed matter systems.
Nucleon-nucleon scattering measurements were needed in order to understand the strong interaction responsible for nuclear forces, and measurements above the energy threshold for pion production were required. A measurement (3) of total cross section for the production of neutral pions in proton-proton collisions at 383 MeV used an early liquid hydrogen target and a neutral pion detector based on a lead radiator and a scintillator telescope. These techniques were refined by many groups over the next two decades, eventually to produce very complete data sets at meson factories such as TRIUMF. 
Berkeley
Alan moved to America in 1961 to work as a research associate at the Lawrence Radiation Laboratory, Berkeley, with Professor Kenneth M. Crowe's group at the 184-inch synchrocyclotron. He worked on commissioning a bent-crystal spectrometer, which eventually led to a better measurement of the mass of the neutral pion. Pionic X-rays were measured, and the results presented at conferences (5) . Some measurements were made of the partial capture rates of muons in 16 O, aimed at determining the value of the induced pseudoscalar coupling constants (figure 1).
Using the Berkeley accelerator to create a beam of muon-type neutrinos enabled a search for neutrino-induced reactionsν µ + p → µ + + n. The results led to a lower limit on the mass of the charged weak W boson of 1.1 GeV, or to an interaction cross section less than 4 × 10 −32 cm 2 (4). Alan's future work on the UA1 (Underground Area 1) experiment eventually led to the discovery of the W boson with a much higher mass.
Rutherford Appleton Laboratory

Nimrod
In 1963 Alan became a staff member of what is now the Rutherford Appleton Laboratory (RAL), starting as a research associate and rising through the ranks to the post of senior principal scientific officer. With others, he rapidly devised an experiment at RAL's new 7 GeV Nimrod proton synchrotron (PS), which verified the 1964 discovery of CP (charge and parity) violation in neutral kaon decays, and showed no sign of the energy-dependence which had been predicted by a version of the theory.
In 1964 Alan's group at RAL began its fruitful collaboration with Peter Kalmus's group at Queen Mary College University of London (QMUL), a collaboration that was to continue for about 20 years-at which time Alan moved to Canada. The group's first experiments, in a collaboration led by Dr Eric Taylor of Harwell, concerned proton-proton scattering at Nimrod in which the formation of resonances, or nucleon isobars (baryons) as they are known, were observed. This experiment only used scintillation counters and spectrometer magnets, a simple setup that initially did not require computers for analysis. In a separate experiment on wideangle elastic scattering, using spark chambers with core readout, they were joined by a group from the University of Bergen.
Results in strong interaction physics carried out by groups at Nimrod and at accelerators in the USA and at CERN helped to lay the experimental foundations of the quark model of hadrons. Also, since they were relatively simple by today's standards, they could be designed, set up, run and analysed in about three years. This gave research students the opportunity to work on all these aspects, and hence provided excellent training for the coming generation of high energy physicists. QMUL and other university academics could only spend a fraction of their time at the accelerator, and Alan guided many postgraduates and postdoctoral researchers. He also influenced many other young physicists with good advice.
A weak interaction experiment, the electron asymmetry in the decay of polarized Sigma hyperons, was carried out at Nimrod using spark chambers and large acceptance atmospheric pressure gas detectors in which the Cherenkov light from the relativistic electrons was 'focused' by ex-searchlight mirrors.
Low energy antiproton interactions at CERN
In 1970 the QMUL-RAL collaboration, with Alan as spokesperson, went to CERN to carry out low energy antiproton-proton experiments at the 26 GeV PS. For these experiments, they were joined by physicists from the University of Liverpool and the Daresbury Laboratory. The experiments were made possible by a new high-intensity separated antiproton beam, designed and set up by the collaboration. Antiproton-proton annihilations into pairs of charged pions or kaons were first measured using a hydrogen target and then, in subsequent experiments, a polarized target. Wire spark chambers were used. Analyses of the experiments showed evidence for the formation of three mesons with spins of 3, 4 and 5 and gave their quantum numbers. Elastic antiproton-proton scattering was also measured and compared with proton-proton scattering.
Back at Nimrod
In 1974 the QMUL-RAL collaboration returned to RAL to carry out what became the last set of experiments at Nimrod. These concerned kaon-nucleon scattering using a polarized deuterated target. Again, a new separated beam was designed. Polarization in K -p and K + p elastic scattering, and K + n charge exchange were measured at several momenta in the 1 GeV/c region. The results showed no evidence for the existence of an exotic resonance, which had been inferred from other experiments and which at the time was a crucial test of the quark model and its broken SU(3) flavour symmetry.
In 1974 
UA1
In 1977 the groups of Alan Astbury and Peter Kalmus, together with a group from the University of Birmingham led by Professor John Dowell (FRS 1986) , joined Professor Carlo Rubbia (ForMemRS 1984) in an international collaboration at CERN which became known as UA1. Rubbia had suggested, and then spearheaded, the conversion of the Super Proton Synchrotron (SPS) into an antiproton-proton collider, hence vastly increasing the centreof-mass energy of the interactions. This was achieved using the stochastic cooling method pioneered by Dr Simon Van der Meer, which accumulated antiprotons for more than a day and reduced the phase-space of the antiproton beam by a factor of about 10 9 . Alan become co-spokesman for the for UA1 project with Rubbia.
The three UK groups had joint responsibility for designing, building and operating a large hadron calorimeter and also a trigger processor. The calorimeter, which measured the energies of strongly-interacting particles emerging from collisions, consisted of 7000 sheets of plastic scintillator with a total mass of 30 tonnes placed in slots in the return yoke of a large electromagnet and was designed to cover as much solid angle as possible. The number of proton-antiproton collisions exceeded the ability to record them by a factor of at least 1000. This necessitated the design of a trigger processor, a purpose-built electronic device, which had to make decisions within two microseconds on which of the one in 1000 collisions was likely to be worth recording on magnetic tape for subsequent analysis-the other 999 could be discarded irretrievably. A few years later, a new, even more selective trigger processor was constructed to accommodate the higher collision rate available by that time.
The UA1 apparatus was built in record time. It was only four years from the proposal signed by 52 physicists in January 1978 (including 18 from UK groups) to the first physics results in December 1981, by which time the number of authors had increased to 130. These results concerned charged-particle multiplicities, which showed scaling seen previously at lower energies at the CERN Intersecting Storage Rings, and observations of events seen at the world's highest man-made collision energies and later compared with some cosmic ray events.
The W and Z particles were discovered in 1983 (6, 7). This was the discovery of the field quanta predicted in the unification of the electromagnetic and weak forces, providing experimental confirmation of these forces. Rubbia and van der Meer received the 1984 Nobel Prize, and Alan, because of his major contribution, was invited to the ceremony in Stockholm.
In 1982, British Prime Minister Margaret Thatcher (FRS 1983) visited CERN and toured the experiment (figure 2). Alan suggested to her that if we were lucky and if Santa Claus was good to the experiment, the W particle might be discovered by Christmas. Prime Minister Thatcher's note congratulating Alan, shown in figure 3, alludes to this discovery.
The UA1 experiment measured many properties of W and Z particles. It also yielded results in quark and lepton physics, tests of quantum chromodynamics, production and fragmentation of jets that are the experimental manifestation of quarks and gluons, B-Bbar mixing and other topics that have been published in more than 60 papers and presented at numerous conferences. The concept of a universal detector, measuring as much as possible of the outgoing particles from a collider, and covering nearly the whole of the solid angle, has been used ever since at colliding beam machines. UA1 was the largest particle experiment up to that time, and arguably the most productive. It is remarkable that it only took five years from the proposal to the discovery of the weak bosons.
Victoria, British Columbia
The early days 
UA1 analysis
The first summer student to join the Victoria UA1 group was one of the authors (Lefebvre). The first PhD student to graduate was M. Fincke-Keeler who worked with Alan in analysing what was called the SppS Ramping Run: the magnets of the pp collider were cycled to their maximum current until they became too warm and then the current was reduced to allow them to cool. This created pp collisions with a centre-of-mass energy in the range of √ s = 200 − 900 GeV (8) .
Calorimeter R&D for UA1
The calorimeter built in the UK for the UA1 experiment was what is now known as non-compensating, meaning that the electromagnetic interactions of electrons and photons produced a different response from hadronic interactions. In general, this degrades the energy resolution for hadrons. The ZEUS collaboration at HERA (hadron-electron ring accelerator) (D'Agostini et al. 1989) solved this problem by building a calorimeter out of sheets of depleted uranium interleaved with layers of plastic scintillator detectors. The mechanism involves compensating for the lost binding energy of the uranium by including the energy with just the right weight of highly ionizing protons generated by collisions with the spallation neutrons.
At the same time, calorimeters made using liquid noble gas ionization chambers as detectors were demonstrating the advantages of a direct electronic readout that removed the complication of measuring scintillation light. Alan's group worked with Caltech in the development of the lead liquid argon sampling calorimeter of the SLD (SLAC Large Detector) (10) . Could these two technologies be combined, and could it be done in the warm?
Carlo Rubbia proposed a warm liquid calorimeter using 2,2,4,4-tetramethylpentane and Alan's group began a series of experiments to determine if the weighting of the neutron signal would be what was needed for compensation (9) (Poffenberger et al. 1999 (Poffenberger et al. , 2002 . The key measurement was made at TRIUMF (11), but unfortunately found the signal saturated too quickly to allow the compensation mechanism to work.
The particle physics community in Canada very quickly recognized Alan's ability to get things done well. He was soon appointed to the council that advises the IPP and he became the director of the IPP between 1991 and 1996. In 1986, he was appointed to the grant selection committee of NSERC for subatomic physics and chaired this committee for two years. His research and service to Canada were recognized in 1988 when he was elected to the Royal Society of Canada.
TRIUMF Kaon Factory design and TRIUMF directorship
TRIUMF, Canada's national particle accelerator centre at the University of British Columbia, saw an opportunity to build a rapid cycling synchrotron, to be called a Kaon Factory, using as input the high-intensity proton beam from the existing cyclotron. It would be possible to create very high intensity, high quality beams of kaons and neutrinos. It was an opportunity for Canada to lead in two important areas of particle physics. Alan was appointed as leader of the Kaon Project Definition Study. In 1990, the study report was complete, but the project was never funded.
Alan was appointed as the director of TRIUMF shortly after the demise of the Kaon Factory proposal. A new mission that would be acceptable to the national and provincial governments was critical-failure would mean the end of TRIUMF. Alan rallied the TRIUMF staff to develop new proposals while he consulted with the two levels of government. It went right to the wire, but a plan was hammered out that would see TRIUMF make a contribution to the CERN Large Hadron Collider (LHC) and build a radioisotope separator and accelerator (ISAC) for nuclear physics and nuclear astrophysics studies.
The ISAC project involved new technological developments: radio-frequency (RF) quadrupole and superconducting RF accelerator cavities. Once again, Alan was making use of the latest technical developments in order to create an internationally competitive facility.
The OPAL Experiment at the Large Electron-Positron Collider
Shortly before Alan became director of TRIUMF, the University of Victoria, the University of British Columbia and TRIUMF joined the OPAL project at CERN's Large Electron-Positron collider (LEP). Alan's group made a major contribution to a silicon micro-vertex detector upgrade and created a near real-time data reconstruction system. The reconstruction system made data available to the collaboration to analyse within a couple of hours of data collection. This gave OPAL a large advantage because the performance of the experiment could be monitored quickly using advanced analysis techniques.
The Victoria group made particularly important contributions in the physics that could be carried out using tau leptons-LEP was producing the largest dataset of tau lepton pairs at that time. The tau physics work started with three unpublished technical notes in 1993 for the OPAL collaboration, in which Alan took a very large interest: Astbury et al., 'A new clustering algorithm for tau decays'; R. Sobie, 'A new clustering algorithm for tau decays: II' ; and M. Vincter et al., 'A study of electromagnetic shower profiles in the electromagnetic barrel calorimeter'. These notes described how to optimize the data analysis for events that contained tau leptons.
Alan's impact was however very broad and extended to several precision tests of the Standard Model of particle physics. Some examples of the PhD theses Alan helped to supervise at the University of Victoria are: He took a strong interest in young physicists. He liked to discuss their work with them and tried to support their careers in any way he could. People liked working with him and he eased the path of students who had to face leaders of the field with strong personalities.
The ATLAS experiment at the Large Hadron Collider
The possibility of an LHC, to be located in the CERN LEP tunnel, was first seriously discussed in 1984 (ECFA- CERN Workshop 1984) . By the time the LEP tunnel was completed in February 1988, preparations for another LHC-the Superconducting Super Collider (SSC), which would have much higher energy, but required a much larger circumference-had already started in the USA; the SSC construction began in 1991 in Texas. Progress on the SSC cast some doubt on the future of the LHC, but Rubbia, CERN director general at the time, was an early strong supporter of the LHC, which would have higher luminosity. In 1993 the SSC was cancelled because of budgetary problems. At CERN, the Detector Research and Development Committee was set up in July 1990 and intense efforts continued towards the design of possible LHC detectors.
It was at that time that one of the authors (Lefebvre) joined a small group of colleagues, under the leadership of Dr Daniel Fournier, investigating a novel design for liquid argon sampling calorimetry to be used at the LHC (Aubert et al. 1991) . Upon joining the University of Victoria as a faculty member in March 1991, he brought the LHC detector R&D to Alan's group at the university and founded the ATLAS (a toroidal LHC apparatus) Canada Collaboration. Liquid argon calorimetry was a well-established technology and, following successful beam tests of prototypes, was the technique chosen by ATLAS.
In 1991, Canadians were very active in collider experiments-the OPAL detector at LEP, the ZEUS detector at HERA, the CDF (collider detector at Fermilab) at Fermilab's Tevatronand in detector development for the SSC. The SSC was then an approved project, and the LHC was seen by some as unwelcome competition, especially within the limited Canadian funding landscape. Alan realized the advantage of continued involvement in CERN after LEP, and the long-term scientific and strategic importance of the LHC programme. His support and foresight were critical in establishing this effort in Canada as early as possible, and to ensure a lasting full participation of Canadians at the LHC.
Proposals for detector concepts for the LHC were presented at a workshop, held in Evian in March 1992, where Alan acted as chair of one session. Following this meeting, the ATLAS Collaboration was formed and a letter of intent written in October 1992, of which Alan was a co-author (ATLAS Collaboration 1992). At the time of the cancellation of the SSC project in October 1993, the ATLAS Canada Collaboration was already very active in the definition of the ATLAS detector.
In December 1994, ATLAS submitted a Technical Proposal (ATLAS Collaboration 1994), again with Alan a co-author, and the LHC construction was approved initially in two stages. Alan, who was director of the IPP at the time, had already fully grasped the future impact of the LHC programme, especially on the Canadian community. At an IPP meeting in Ottawa, he presented his forecast regarding how many Canadian scientists would be working on various projects by the turn of the century. In particular, forecasting over 20 full-time-equivalent physicists in Canada working on the ATLAS experiment at the LHCa prediction met with disbelief. The future would indeed show that Alan was right on the mark.
The ATLAS and CMS (compact muon solenoid) experiments were approved at CERN in January 1997. As director of the TRIUMF laboratory, Alan oversaw and facilitated important Canadian contributions to both the LHC and the ATLAS detector. TRIUMF produced the 48 twin-aperture warm quadrupole magnets known as cleaning insertions. Built to exacting engineering specifications, these magnets keep the stray particles that develop around high intensity accelerated beams from striking the superconductors in the collider and causing heating problems. Dr Christopher Oram, working under Alan at TRIUMF, took responsibility for the mechanical design of the ATLAS hadronic endcap (HEC) calorimeters. Two of the HEC detectors were constructed at TRIUMF, were transported to CERN and are part of the now-operating ATLAS experiment. Alan always kept himself abreast of the developments of the ATLAS experiment. The discovery of the Higgs boson in 2012 by the ATLAS (12) and CMS experiments (Chatrchyan et al. 2012 ) is of profound scientific importance, and a fitting pinnacle in Alan's contributions to science. Equally significant is how, under Alan's leadership, TRIUMF positioned itself rather well in relation to other laboratories, given its size in the world of high energy physics, which includes very large organizations such as Fermilab and CERN. 
Retirement and IUPAP
Even when Alan had nominally retired, he was in his office nearly every day. He was always surrounded by a pile of reading material (figure 4), the contents of which he would discuss at lunch with us. Alan also worked to make sure IUPAP was using the talents of women physicists to the full. He strongly supported the work of Working Group 5 on 'Women in Physics', and he pushed for an increased representation of women on the commissions and the executive council.
Scientific legacy and leadership
Alan's research was closely bound up with understanding the nature of the weak force. When he started his university studies there were two subatomic forces, known as the strong and the weak forces, in addition to the classical gravitational and electromagnetic forces. While Alan made many measurements that clarified the structure of strongly-interacting particles, it was his contributions to the nature of the weak force that truly stand out. The nature of the coupling of the exchange boson to particles violates parity symmetry and, even more surprisingly, violates charge conjugation and parity simultaneously. Alan was co-spokesperson of the UA1 experiment at CERN, which led to the discovery of the W and Z bosons. This is a discovery of historical importance and his role was a crucial one.
Alan had a deep insight into the relevance of experiments that could be conducted on available accelerators. When proposing an experiment or embarking on one suggested by a collaborator, he could sketch out the crucial components of the apparatus. After the details had been settled, he was meticulous in over-seeing the manufacture and construction and checking that it all worked.
The physics Alan was involved in needed collaborations that became larger with time until they spanned the globe and involved thousands of researchers. His leadership style and uncompromising personal integrity meant that he was highly sought after as a leader, a reviewer and a mentor. He was adamant that, no matter who one was speaking to, one did not dumb down the science. It was incumbent on the speaker to make the subject clear. This approach was enormously successful when dealing with government at both the elected and the mandarin levels.
Personal aspects
Alan was passionate about his work. His remarkable intelligence, personal integrity and strength, scientific competence and leadership skills were key to his lasting contributions to experimental subatomic physics. His advice was sought by many scientific leaders: when Alan spoke, people listened.
He was always very interested in the welfare of the students, postdoctoral fellows and junior colleagues in his team-and those of us who knew him know how fortunate we were. He had a great wit and a sharp and quick mind, which made his company so enjoyable. His positive attitude, even in the face of great challenges, was most inspiring.
Alan had a life-long passion for football (soccer) and traditional jazz; he would often talk about the latest game result in the British Premier League or the World Cup, and he followed the career of some young jazz pianists closely. Alan was a devoted husband and father, and cared deeply for his family. Throughout his life he kept regular hand-written correspondence with many friends; family and friends were a priority and an important part of life.
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